1. Introduction. -A mean field theory has been developed to calculate phase diagrams and order parameters in flexible nematic polymers and polymer mixtures [1] and in lipid bilayers [2, 3] . The addition of a bending elasticity of the polymer chain to the aligning, orientation dependent Van der Waals interaction leads to new effects, differing from the well-known results of MaierSaupe theory for rigid rod small molecule liquid crystals.
In the conventional liquid crystal systems, Landau-de Gennes theory [4] has proven to be as good as mean field theory in providing a semi-quantitative description of the nematic-isotropic transition. Furthermore, the Landau-de Gennes expansion is easier to handle and, by including spatial variations of the order parameter, applicable also to fluctuation phenomena. It is less satisfactory in the number of unknown phenomenological parameters it contains. By comparison to the expansion of the mean field free energy in powers of the order parameter, these coefficients can be identified with the parameters of the mean field theory.
This method has been adopted in lipid bilayers [3] and will be applied here to nematic polymers in the melt and used to calculate thermodynamic properties.
In the vicinity of the nematic-isotropic phase transition, the free energy of a polymer chain is written as [7] [8] [9] . As the chain length increases, the interchain potential in the melt is screened by the presence of the other chains [10] , and in the limit q/L -+ oo, the potential on a chain segment v = v x becomes independent of chain length [ 11 ] . Therefore, for q/ L -+ 0 This limit has been used in long chain polymer systems [2, 12] .
In the intermediate range, the chain length dependence of v requires a self-consistent calculation of the spatial and orientational statistical distribution of the polymers.
In the intermediate range, the chain length dependence of the effective chain-monomer interaction may be more complex. In the following, we will consider the limiting cases which concern short and long semi-flexible chains only.
Fluctuations of the local nematic axis by the flexible polymer can lead to renormalization of the effective interaction parameter [6] . In nematic polymer melts, quenching of splay deformations is expected and these effects are neglected, as well as spatial variation of the order parameter [8] .
2. Landau-de Gennes expansion. Making use of the relation where Zo = 4 n is the partition function of the isolated elastic chain, we find the coefficients A, B, C and T* in (1) .
Then A = vL/2 T and the remainder of the coefficients are given by averages on the elastic chains; for example
The functional integrals can be solved by introducing the statistical weight Go(R R' L) on the elastic chain [11, 13] The function Go(R R' L) describes the probability for a certain chain configuration given by the initial tangent direction (R = r(O») and the final tangent direction (R' = r(L)). The spherical symmetry of Go suggests expansion in spherical harmonics [5] Yn(R) and the eigenvalues are found to be Then for example and C is a similar (but complicated) expression in L and E2.
Note that the rigid rod system is a singular solution of (14) for which K: -~ oo and Go = 5(R 2013 R'). [5] .
For short chains L/q -+ 0, and neglecting the temperature dependence of q, we find :
The supercooling temperature 
We find in this regime a decrease of latent heat with degree of polymerization. 4 . Discussion. -It would also be possible, as in conventional liquid crystals, to determine the expansion coefficients A, B, C and T* from experimental results. Information on the parameters of the mean field theory could thereby be obtained.
For comparison, the rigid rod model gives similar behaviour for the molecular weight dependence of the expansion coefficients and of the critical properties in the low molecular weight region -deviations occur in the high molecular weight region and as the presence of chain flexibility becomes apparent.
The statistical theory of wormlike nematic polymers presented in [14] is in qualitative agreement with our results in the high molecular weight limit although the method is quite different and a direct comparison difficult.
By addition of the appropriate free energy expression, the Landau-de Gennes theory for mixtures with nematic polymers is also obtained. For compatible mixtures with a small molecule liquid crystal, the phase diagrams are in agreement with the mean field calculations [1] . The quantitative behaviour of the order parameter is also found, although the expansion on the free elastic chain used in the Landau-de Gennes approach lowers the numerical values considerably. The effect of isotropic interactions (excluded volume), of less importance in the pure melt, can cause incompatibility for certain ranges of concentration in nematic polymer mixtures, as found in ordinary, flexible polymers.
In a mixture of a liquid crystal and a flexible, non-nematic polymer, a combined Flory, MaierSaupe theory gives a large biphasic interval near the nematic phases transition [ 15] . Local destruction of the liquid crystal order parameter by the polymer is demonstrated [16] .
Experiments on thermotropic polymers are available [17] [18] [19] [20] In well fractionated samples of polyester melts [17, 18] and in a thermotropic cellulose derivative [19] the mesomorphic transition temperature has been measured as a function of molecular weight. A sharp increase is found in the low molecular weight samples, which then levels off. In high molecular weight samples, the transition temperature is independent of further increase in chain length. This is in agreement with our predictions. It [4] . An application to recent experiments on orientation of a mesogenic polymer in a static magnetic field [21] is envisioned.
